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Description

[0001] The present invention relates to a method of
assembling a frame in an Orthogonal Frequency Division
Multiple Access (OFDMA)-based communication sys-
tem, wherein data packets to be transmitted from a broad-
cast station to a receiver are given a rectangular shape
in terms of the two dimensions - time and frequency - of
the OFDMA frame, and wherein the data packets are
successively fitted into the OFDMA frame by means of
a frame assembly scheduler.
[0002] Furthermore, the present invention relates to a
communication system, comprising a broadcast station
for Orthogonal Frequency Division Multiple Access
(OFDMA)-based transmission of data packets to a re-
ceiver, a data packet shaping entity for giving data pack-
ets to be transmitted a rectangular shape in terms of the
two dimensions - time and frequency - of the OFDMA
frame, and a frame assembly scheduler for successively
fitting data packets to be transmitted into the OFDMA
frame.
[0003] OFDMA (Orthogonal Frequency Division Multi-
plexing Access) is a nowadays widespread technology
for data transmission which is based on the usage of a
large number of closely-spaced orthogonal sub-carriers.
In particular in wireless communication systems OFDMA
becomes more and more popular and has been named
as a candidate for future 4G standards.
[0004] As an example for the application of OFDMA in
wireless communication systems it is to be referred to
WiMAX. WiMAX is defined as World Wide Interoperability
for Microwave Access based upon the standards family
of IEEE 802.16. Just as the Wi-Fi Alliance certifies inter-
operable implementations of the IEEE 802.11 wireless
LAN standard, the WiMAX Forum certifies interoperable
implementations of IEEE 802.16 wireless standards.
[0005] In WiMAX, the frame filling process in the down-
link direction is performed by a frame assembly scheduler
that we refer as Downlink MAP (DL-MAP) scheduler. The
job of a DL-MAP scheduler is to allocate downlink data
packets, so called MPDUs (MAC Protocol Data Units),
of a given size in bits into the downlink portion of a WiMAX
frame. According to the two current WiMAX standards
IEEE 802.16-2004 and 802.16e-2005, a WiMAX frame
consists of a specific two dimensional area, wherein the
two dimensions of the WiMAX frame are given in form of
slots (time) and subchannels (frequency).
[0006] The task of the DL-MAP scheduler can be de-
composed in two basic subtasks. First, it has to fit the
previously mentioned MPDUs into rectangular shapes,
defined as bursts in the WiMAX standards, where a spe-
cific MCS (Modulation and Coding Scheme) will be ap-
plied. By concatenating MPDUs belonging to different
connection identifiers (CID) in a single burst the signaling
overhead due to the DL-MAP size can be reduced. Sec-
ond, it has to pack these bursts together within the rec-
tangular WiMAX downlink frame minimizing the unused
space that translates into a better exploitation of radio

resources.
[0007] The two current WiMAX standards mentioned
above do not provide any guidance about how a base
station (and a DL-MAP scheduler, respectively) should
realize the previously mentioned tasks. The performance
of the system highly depends on the DL-MAP scheduler
algorithm since it determines how efficiently the radio re-
sources are used. The efficiency of the frame assembly
scheduler is determined by the size of the empty space
left at the end of the frame assembly as well as the
amount of padding required to make the rectangles fit in
the area of interest. Empty space and padding are wasted
radio resources (i.e. bandwidth).
[0008] WO 2007/128135 A describes methods and
systems for scheduling OFDM frames, wherein data
packets to be transmitted from a base station to one or
more mobile stations are successively fitted into an
OFDM frame by means of a scheduler. Each packet is
marked with one or more scheduling metrics and the
packets are ordered according to their rank on these met-
rics. Among others, scheduling metrics include earliest
time of departure, deadline for departure, user/operator
priorities, or a frame fitting metric, which is a parameter
that captures geometrical restrictions the OFDM frame
may impose on how the packets are packed in.
[0009] US 2007/0070905 A1 describes a method and
a system of adaptive bin-packing for wireless communi-
cations, wherein an optimization in terms of unused radio
resources is achieved by determining an average size of
the PDUs (Protocol Data Units) allocated for a particular
subscriber in the frame data structure. This average size
is used to adjust, e.g. by fragmentation, the size of PDUs
formed for subsequent frames.
[0010] Another known technique for burst placement
in WiMAX systems is disclosed in the article DESSET C
ET AL: "WiMAX Downlink OFDMA Burst Placement for
Optimized Receiver Duty-Cycling", IEEE INTERNA-
TIONAL CONFERENCE ON COMMUNICATION ICC
’07, 1 June 2007 (2007-06-01), pages 5149-5154, NY,
USA.
[0011] It is therefore an object of the present invention
to improve and further develop a method and a commu-
nication system of the initially described type in such a
way that the efficiency of radio resources usage in terms
of empty spaces and padding in the OFDMA frame is
enhanced and that the complexity required for the frame
assembly scheduler is minimized.
[0012] In accordance with the invention, the aforemen-
tioned object is accomplished by a method comprising
the features of claim 1 and further detailed in dependent
claims 2-13.
[0013] Furthermore, the aforementioned object is ac-
complished by a communication system comprising the
features of claim 14 and further detailed in dependent
claim 15.
[0014] According to the invention it has been recog-
nized that the complexity required for the frame assembly
scheduler can be reduced by converting the two dimen-
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sional packing problem into a searching problem. An ex-
haustive search is not feasible due to the tight time-
boundaries the DL-MAP scheduler has to be compliant
with. The frame assembly procedure, in fact, needs to
be done within the WiMAX frame duration. Considering
this, it has been recognized that a greedy search with a
heuristic metric is the most suitable solution. To this end
the invention proposes to base the allocation process of
the OFDMA frame on an ordered list of data structures
wherein the data structures represent the current empty
space within the OFDMA frame. It has been recognized
that by means of the usage of said list the problem of
allocating rectangular data packets in an OFDMA frame
can be solved with high efficiency. The usage of said list
allows considering for each data packet all feasible di-
mension permutations, leading to explore all possible
rectangular shapes.
[0015] According to an advantageous embodiment,
before starting the allocation of data packets in the OFD-
MA frame, the data packets to be transmitted are divided
into urgent data packets and into non-urgent data pack-
ets. Consequently, as the urgent data packets are allo-
cated first in order to increase the probability that there
is enough empty space in the OFDMA frame, Quality of
Service (QoS) requirements can be fulfilled, e.g. in con-
nection with time critical applications. On the other hand,
it may happen that after having placed all urgent data
packets there is not enough space left for allocating all
of the non-urgent data packets. However, as the non-
urgent data packets are not related to time critical appli-
cations they may be transmitted in a subsequent OFDMA
frame without any problems.
[0016] Generally, according to a preferred embodi-
ment, data packets before being allocated in the OFDMA
frame are concatenated to bursts. Concatenation in this
context means the aggregation of different data packets
in single bursts. In case of WiMAX, the concatenation of
data packets belonging to different Connection Identifiers
(CID) to a single burst may be performed according to
their Modulation Coding Scheme MCS. In the following,
for sake of simplicity, data packets that have been con-
catenated as well as single data packets (which have not
experienced any concatenation) are referred to as bursts.
[0017] By applying the concatenation mechanism the
signalling overhead due to the DL-MAP size can be re-
duced. To ensure that urgent data packets/bursts and
non-urgent data bursts are not mixed up, it proves to be
advantageous to perform the concatenation separately
for urgent data packets and for non-urgent data packets.
Moreover, a threshold may be applied specifying a max-
imal admissible size of a burst. By this means bursts of
extremely large size are avoided which proves to be use-
ful as such large burst might be difficult to allocate.
[0018] In a further advantageous way, the urgent
bursts may be allocated within the OFDMA frame accord-
ing to a fixed order based on the size of the bursts. Pref-
erably, the algorithm starts with the largest burst, as it
becomes more and more difficult to find a sufficiently

large space for placing larger bursts the smaller the re-
maining empty space within the OFDMA frame. After
having allocated all urgent bursts, the bursts qualified as
non-urgent ones may be allocated applying the same
fixed temporal order as described above in connection
with the urgent bursts.
[0019] According to a preferred embodiment, the re-
maining free space of the OFDMA frame after placing a
burst is defragmented into a set of empty rectangles. Ad-
vantageously, said list of data structures that represent
the current empty space within the OFDMA frame in-
cludes said set of empty rectangles ordered in terms of
increasing size. In such case, the packing area for the
next burst to be allocated within the OFDMA frame may
be selected from said list as the smallest empty rectangle
that can hold the burst considered. The advantage of
such an embodiment lies in the fact that large remaining
free rectangles are affected as little as possible thereby
increasing the number of bursts that can be allocated
within the OFDMA frame.
[0020] With regard to a concise structuring of the allo-
cation process, it may be provided that the bursts are
always placed in the upper right hand corner of the re-
spective selected packing area. After having selected
from the list of defragmented empty rectangles a rectan-
gle as packing area and after knowing where to put the
burst within the selected packing area the question re-
mains whether to place the burst vertically or horizontally.
As regards a high efficiency the decision is taken in such
a way that the resulting defragmented empty rectangles’
sizes are maximized. Basically, placements with thin rec-
tangles in the time domain will be preferred in order to
save power in end terminals which receive the OFDMA
frame and which will have to extract the bursts from the
frame.
[0021] However, it is to be noted that in general only
the size of the bursts to be allocated, i.e. the number of
units, that are needed for a burst within the OFDMA frame
is known in advance. In contrast, the actual shape or
dimensions (in terms of slots and subchannels of the
OFDMA frame) of the bursts are not predetermined in
any way and may be freely chosen. Insofar the above
mentioned problem of whether to allocate a burst verti-
cally or horizontally proves to be more complicated as it
will be necessary to determine the specific shape for each
burst. In order to cope with this problem and to further
increase the efficiency of the allocation process, a rec-
tangular shaping of the bursts is performed in such a way
that the size of the biggest remaining free rectangle is
maximized. This means that the set of defragmented
empty rectangles is calculated for all possible rectangular
shapes of the burst to be allocated. The shape that results
in the largest remaining free defragmented rectangle is
chosen as the packing area for that burst. In a preferred
embodiment also padding is taken into consideration in
the context of the shaping process.
[0022] To give an example for the shaping process, a
burst with 26 units is considered. The options for the ac-
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tual burst dimensions or shapes (in terms of slots and
subchannels) including padding are the following: 1 (slot)
x 26 (subchannels) with no padding, 2 x 13 with no pad-
ding, 3 x 10 with four units of padding, 4 x 7 with two units
of padding, 5 x 6 with four units of padding. Of course,
there are many more options, which all include more units
of padding though. In order to avoid gratuitous padding
that will unnecessarily waste space within the OFDMA
space, a configurable threshold, in terms of maximum
units of padding allowed, may be specified. Options for
the actual burst shape/dimension which require more
padding than specified by the thresholds may then be
neglected.
[0023] Before starting with the allocation of bursts with-
in the OFDMA frame, it may be provided that the fixed
overhead of the OFDMA frame is allocated. This over-
head includes the FCH (Frame Control Header), the UL-
MAP (Uplink MAP) and the DL-MAP (Downlink MAP).
As the overhead includes broadcast information decoded
by all users, it is always placed at the beginning. While
the FCH is of a fixed dimension for a given OFDMA sys-
tem, the size of the UL-MAP and DL-MAP is not neces-
sarily known a priori since, for instance, in the DL-MAP
case it depends on the concatenation process and on
the number of bursts which are allocated within the OFD-
MA frame.
[0024] Against this background it proves to be advan-
tageous to perform a virtual packing of bursts before start-
ing with the real allocation process. By means of the vir-
tual packing a heuristic value for the initial size of the DL-
MAP can be calculated. Based on this value the real al-
location process may be started. More specifically, in the
context of the virtual packing the two-dimensional pack-
ing problem is reduced to a simpler one-dimensional
packing. The virtual packing dequeues packets as long
as there is sufficient space in the OFDMA frame. It stops
if the size of a given burst is greater than the remaining
space in the frame (FCH + UL-MAP + DL-MAP + ∑ bursti
< Cframe). For the so determined bursts the size of the
required DL-MAP is calculated and used as initial rough
estimation for the real 2d-packing.
[0025] If it turns out throughout the allocation process
that the initial size of the DL-MAP is insufficient and that
more space is needed for the DL-MAP, this one may be
increased, if possible. The instance that there is not
enough space to increase the DL-MAP sufficiently con-
stitutes one of the two cases in which the allocation proc-
ess will be terminated. The second case in which the
allocation process has to be terminated is when the
number of units required for allocating any of the remain-
ing data packets or bursts is larger than the size of the
largest free rectangle.
[0026] After terminating the allocation process it may
be provided that an array of packed data packets/bursts
and an array of unpacked data packets/bursts are gen-
erated. In case of packed data packets/bursts also the
position of the bursts within the frame may be returned.
[0027] As regards advantageous embodiments of the

communication system according to the invention it is to
be referred to the advantageous embodiments of the
method according to the invention as described above
in order to avoid unnecessary repetitions.
[0028] There are several ways to design and further
develop the teaching of the present invention in an ad-
vantageous way. To this end, it is to be referred to the
patent claims subordinate to patent claims 1 and 14 and
to the following explanation of a preferred example of an
embodiment of the invention, illustrated by the figure. In
connection with the explanation of the preferred example
of an embodiment of the invention by the aid of the figure,
generally preferred embodiments and further develop-
ments of the teaching will be explained. The present in-
vention is defined and limited only by the scope of the
appended claims. In the following, any embodiment(s)
referred to and not falling within the scope of said ap-
pended claims is (are) to be interpreted as example(s)
useful for understanding the present invention.
[0029] In the drawings:

Fig. 1 shows an abstract view of an example of an
OFDMA frame and illustrates the data packet
concatenation mechanism, and

Fig. 2 shows an illustrative allocation process accord-
ing to an embodiment of the present invention.

[0030] With reference to Fig. 1 a typical OFDMA frame
is shown with its two dimensions time (slots) and frequen-
cy (subchannels). Furthermore, Fig. 1 generally illus-
trates the concatenation mechanism that may be applied
in connection with the present invention. In principle,
each data packet would be allocated within the OFDMA
frame separately. However, by applying the concatena-
tion mechanism it is possible to concatenate two or more
data packets from different connections to a burst, which
then, as a whole, can be allocated within the OFDMA
frame. For instance, according to the embodiment shown
in Fig. 1 burst B1 includes two concatenated data pack-
ets, one data packet from a connection with Connection
Identifier CID 1 and another data packet from a connec-
tion with CID 3. In the following description, for sake of
simplicity, referring to "bursts" refers to bursts as con-
catenated data packets as described above and, in ad-
dition, to single data packets which have not been con-
catenated.
[0031] With reference to Fig. 2, the process of OFDMA
frame allocation is illustrated. In the given example the
entirety of bursts to be allocated within the OFDMA frame
consists simply of three bursts, namely the bursts B1, B2
and B3. However, in real scenarios typically many more
bursts will be allocated within one OFDMA frame.
[0032] The OFDMA frame considered in the example
of Fig. 2 includes 30 sub-channels (on the frequency axis)
and 60 slots (on the time axis). Thus, the overall packing
space has an area of 30 x 60 = 1.800 units.
[0033] Fig. 2a illustrates the allocation of the first burst.
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As the bursts will be packed in descending order in terms
of their size, the first burst to be allocated is burst B3
which is the largest one with 240 units. Bursts are always
packed in the upper right hand corner of the selected
packing area, which in case of the first burst is the whole
OFDMA frame except the space needed for fixed over-
head. The fixed overhead includes the FCH, UL-MAP
and the DL-MAP which are omitted in Fig. 2 for reason
of clarity. The named overhead part is placed at the be-
ginning of the frame, thus starting from the upper left
hand corner of the OFDMA frame.
[0034] It is to be noted that in advance only the size of
the bursts is known, i.e. the number of units needed for
allocation. However, the optimal shape/dimension of the
bursts, i.e. how the units are distributed between slots
and sub-channels of the OFDMA frame, has to be eval-
uated. According to a preferred embodiment of the in-
vention this evaluation is performed in such a way that
the placement of bursts is based on a maximization of
biggest free rectangle after placement.
[0035] In the specific case shown in Fig. 2a the optimal
dimension of burst B3 is 30 sub-channels times 8 slots.
Such distribution results in only one free rectangle which
covers the resulting free space of the OFDMA frame com-
pletely. In Fig. 2a this rectangle has been indicated by
the dashed line frame and has been labelled as R1a.
After having placed burst B3 in this way, a list of remaining
empty rectangles ordered in terms of increasing size. As
only rectangle R1a exists as remaining empty rectangle,
said list will only include R1a with a size of 30 x 52 =
1.560 units.
[0036] With reference to Fig. 2b, the next burst, i.e.
burst B1, is allocated within the OFDMA frame. As men-
tioned above, the list with the remaining free rectangles
includes only the entry R1a. Fig. 2b illustrates exemplary
two different possibilities of how to allocate burst B2 with
a total area of 120 units. In the upper part of Fig. 2b a 15
x 8 distribution is shown. Such allocation of burst B2 re-
sults in two free rectangles R2a and R2b (again indicated
by dashed line frames). These rectangles are obtained
by defragmenting the overall remaining free space. By
computing the area of each of the empty rectangles R2a
and R2b one will find that rectangle R2a has an area of
30 x 44 = 1.320 units and that rectangle R2b has an area
of 15 x 52 = 780 units. The allocation in the lower part of
Fig. 2b results in two defragmented rectangles R2c and
R2d with the following areas: R2c with 30 x 37 = 1.110
units and R2d with 22 x 52 = 1.144 units.
[0037] This process is carried out for all dimension per-
mutations, i.e. for 1 x 120, 2 x 60, 3 x 40, 4 x 30, and so
on. It is to be noted that also permutations that require
padding are taken into consideration; in the specific case
for example the combination 7 x 17 with one padding unit
or the combination 9 x 13 with three padding units. For
each case the sizes of the defragmented remaining free
rectangles are calculated. The combination which results
in the largest free rectangle is chosen. In the given ex-
ample the combination illustrated in the upper part of Fig.

2b results in the largest free rectangle which is rectangle
R2a with a size of 30 x 44 = 1.320 units. Consequently,
the updated list of data structures that represent the cur-
rent empty space within the OFDMA frame and which
includes the set of defragmented empty rectangles or-
dered in terms of increasing size would include the rec-
tangle R2b in the first position and the rectangle R2a in
the second position.
[0038] With reference to Fig. 2c, the allocation of the
next burst, which is burst B2, is illustrated. From the ac-
tual set of empty rectangles (in our case including rec-
tangle R2b and R2a as explained above) the smallest
rectangle that can hold the burst to be allocated is chosen
as packing area for that burst. As burst B2 includes only
30 units, rectangle R2b with a size of 1.110 units is the
smallest rectangle out of the current set of empty rectan-
gles that is sufficiently large to hold burst B2. Thus, burst
B2 is packed in the upper right hand corner of rectangle
R2b. Again, the actual dimensions of burst B2 are deter-
mined as described above. Two possible dimension per-
mutations are shown in Fig. 2c for the purpose of illus-
tration. It turns out at the combination shown in the upper
part of Fig. 2c - after defragmentation of the packing area
- results in the largest free rectangle which is indicated
by the dotted line frame and which is labelled R3a. Rec-
tangle R3a has a size of 15 x 47 = 705 units. Conse-
quently, after having allocated burst B3 the set of empty
rectangles is updated such that it includes the rectangles
R3b (size: 468 units), R3a (size: 705 units), and R2a
(size: 1.320 units).
[0039] In real application scenarios many more bursts
will be allocated within the OFDMA frame. For each burst
the allocation process will follow the same rules as de-
scribed above in connections with the allocation of bursts
B1, B2, and B3. The allocation process will be terminated
if the number of units required for allocating any remain-
ing burst is larger than the size of the largest free rectan-
gle.
[0040] Many modifications and other embodiments of
the invention set forth herein will come to mind the one
skilled in the art to which the invention pertains having
the benefit of the teachings presented in the foregoing
description and the associated drawings. Therefore, it is
to be understood that the invention is not to be limited to
the specific embodiments disclosed, rather the present
invention is defined only by the scope of the appended
claims. Although specific terms are employed herein,
they are used in a generic and descriptive sense only
and not for purposes of limitation.

Claims

1. Method of assembling a frame in an Orthogonal Fre-
quency Division Multiple Access, OFDMA, based
communication system,
wherein data packets to be transmitted from a broad-
cast station to a receiver are given a rectangular
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shape in terms of the two dimensions - time and fre-
quency - of the OFDMA frame,
and wherein bursts - either including a single data
packet only or including a number of concatenated
data packets - are generated, wherein said bursts
are successively fitted into the OFDMA frame by
means of a frame assembly scheduler, character-
ized in that the filling process of the OFDMA frame
is based on an ordered list of data structures that
represent the current empty space within the OFD-
MA frame,
wherein a rectangular shaping of the bursts in terms
of the two dimensions defined by the slots and
subchannels of said OFDMA frame is performed in
such a way that the size of the biggest remaining
free rectangle in said OFDMA frame is maximized.

2. Method according to claim 1, wherein the data pack-
ets to be transmitted, before being allocated in the
OFDMA frame, are divided into urgent data packets
and into non urgent data packets,
wherein the urgent data packets are allocated first
and wherein the remaining space of the OFDMA
frame is used to allocate the non urgent data packets.

3. Method according to claim 1 or 2, wherein a con-
catenation of data packets from different connec-
tions is performed according to their modulation cod-
ing scheme, and/or
wherein a concatenation of data packets is per-
formed separately for urgent data packets and for
non urgent data packets.

4. Method according to any of claims 1 to 3, wherein a
threshold is applied specifying a maximal admissible
size of a burst of said bursts.

5. Method according to any of claims 1 to 4, wherein
the bursts are packed into the OFDMA frame in a
descending order according to their size, beginning
with the largest burst.

6. Method according to any of claims 1 to 5, wherein
the remaining free space of the OFDMA frame after
placing a burst of said bursts is defragmented into a
set of empty rectangles.

7. Method according to claim 6, wherein said list of data
structures that represent the current empty space
within the OFDMA frame includes said set of empty
rectangles ordered in terms of increasing size,
wherein the packing area for the next burst to be
placed in the OFDMA frame is selected from said list
as the smallest empty rectangle that can hold said
burst.

8. Method according to claim 7, wherein the bursts are
placed in the upper right hand corner of the selected

packing area.

9. Method according to any of claims 6 to 8, wherein
the decision of whether to place a burst vertically or
horizontally is taken in such a way that the resulting
defragmented empty rectangles include a rectangle
of a size as large as possible in said OFDMA frame.

10. Method according to any of claims 1 to 9, wherein
the rectangular shaping of the bursts is performed
in such a way that padding is kept below a config-
urable threshold.

11. Method according to any of claims 1 to 10, wherein,
before starting the allocation of bursts into the OFD-
MA frame, the Frame Control Header, FCH, the Up-
link MAP, UL-MAP, and the Downlink MAP, DL-
MAP, are placed in the upper left hand corner of the
OFDMA frame, and/or
wherein, before starting the allocation of bursts into
the OFDMA frame, a virtual packing is performed for
the calculation of a heuristic value for the initial size
of the DL-MAP.

12. Method according to any of claims 1 to 11, wherein
the OFDMA frame filling process is terminated if
there is not enough space to increase the DL-MAP,
and/or
wherein the OFDMA frame filling process is termi-
nated if the number of units required for allocating
any of remaining bursts is larger than the size of the
largest free rectangle.

13. Method according to any of claims 1 to 12, wherein
after termination of the OFDMA frame filling process
an array of packed bursts and an array of unpacked
bursts are generated.

14. Communication system, in particular for accomplish-
ing a method according to any of claims 1 to 13,
comprising
a broadcast station for Orthogonal Frequency Divi-
sion Multiple Access, OFDMA, based transmission
of data packets to a receiver, a data packet shaping
entity for giving data packets to be transmitted a rec-
tangular shape in terms of the two dimensions - time
and frequency - of the OFDMA frame, and
a frame assembly scheduler for successively fitting
bursts - either including a single data packet only or
including a number of concatenated data packets -
into the OFDMA frame,
characterized in that the frame assembly scheduler
is configured
to perform the filling process of the OFDMA frame
based on an ordered list of data structures that rep-
resent the current empty space within the OFDMA
frame, and
to perform a rectangular shaping of the bursts in

9 10 



EP 2 215 765 B1

7

5

10

15

20

25

30

35

40

45

50

55

terms of the two dimensions defined by the slots and
subchannels of said OFMDA frame in such a way
that the size of the biggest remaining free rectangle
in said OFDMA frame maximized.

15. Communication system according to claim 14,
wherein the frame assembly scheduler is configured
to allow the concatenation of data packets from dif-
ferent connections in single bursts.

Patentansprüche

1. Verfahren zum Zusammenstellen eines Rahmens in
einem OFDMA, Orthogonal Frequency Division Mul-
tiple Access, basierten Kommunikationssystem,
wobei Datenpaketen, die von einem Sender zu ei-
nem Empfänger zu übertragen sind, eine rechtecki-
ge Form hinsichtlich der zwei Dimensionen - Zeit und
Frequenz - des OFDMA-Rahmens erhalten,
und wobei Bursts, die entweder nur ein einziges Da-
tenpaket oder eine Anzahl von verketteten Daten-
paketen enthalten, erzeugt werden, wobei die Bursts
nacheinander in den OFDMA-Rahmen mittels eines
Rahmenzusammenstellungs-Schedulers einge-
passt werden,
dadurch gekennzeichnet, dass der Füllprozess
des OFDMA-Rahmens auf einer geordneten Liste
von Datenstrukturen basiert, die den aktuellen lee-
ren Raum innerhalb des OFDMA-Rahmens darstel-
len,
wobei eine rechteckige Formung der Bursts in Bezug
auf die durch die Slots und Subkanäle des OFDMA-
Rahmens definierten zwei Dimensionen derart
durchgeführt wird, dass die Größe des größten ver-
bleibenden freien Rechtecks in dem OFDMA-Rah-
men maximiert wird.

2. Verfahren nach Anspruch 1, wobei die zu übertra-
genden Datenpakete vor ihrer Zuweisung in den OF-
DMA-Rahmen in dringende Datenpakete und in
nicht dringende Datenpakete aufgeteilt werden,
wobei die dringenden Datenpakete zuerst zugewie-
sen werden und wobei der verbleibende Platz des
OFDMA-Rahmens verwendet wird, um die nicht
dringenden Datenpakete zuzuweisen.

3. Verfahren nach Anspruch 1 oder 2, wobei eine Ver-
kettung von Datenpaketen von unterschiedlichen
Verbindungen entsprechend ihres Modulations- und
Kodierungsschemas durchgeführt wird, und/oder
wobei eine Verkettung von Datenpaketen für drin-
gende Datenpakete und für nicht dringende Daten-
pakete getrennt durchgeführt wird.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
ein Schwellenwert angewendet wird, der eine maxi-
mal zulässige Größe eines Bursts der Bursts angibt.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei
die Bursts in absteigender Reihenfolge gemäß ihrer
Größe in den OFDMA-Rahmen gepackt werden, be-
ginnend mit dem größten Burst.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei
der verbleibende freie Platz des OFDMA-Rahmens
nach dem Platzieren eines Bursts der Bursts in einen
Satz leerer Rechtecke defragmentiert wird.

7. Verfahren nach Anspruch 6, wobei die Liste von Da-
tenstrukturen, die den aktuellen leeren Raum inner-
halb des OFDMA-Rahmens darstellen, den Satz von
leeren Rechtecken, geordnet nach zunehmender
Größe, umfasst,
wobei der Packbereich für den nächsten in dem OF-
DMA-Rahmen zu platzierenden Burst als das kleins-
te leere Rechteck, das den Burst aufnehmen kann,
aus der Liste ausgewählt wird.

8. Verfahren nach Anspruch 7, wobei die Bursts in der
oberen rechten Ecke des ausgewählten Packbe-
reichs angeordnet werden.

9. Verfahren nach einem der Ansprüche 6 bis 8, wobei
die Entscheidung, ob ein Burst vertikal oder horizon-
tal platziert wird, so getroffen wird, dass die resultie-
renden defragmentierten leeren Rechtecke ein
Rechteck mit einer Größe so groß wie möglich in-
nerhalb des OFDMA-Rahmens enthalten.

10. Verfahren nach einem der Ansprüche 1 bis 9, wobei
die rechteckige Formung der Bursts so durchgeführt
wird, dass Padding unterhalb einer konfigurierbaren
Schwelle gehalten wird.

11. Verfahren nach einem der Ansprüche 1 bis 10, wobei
vor dem Beginn der Zuweisung von Bursts in den
OFDMA-Rahmen der Frame Control Header, FCH,
der Uplink MAP, UL-MAP, und der Downlink MAP,
DL-MAP, in der oberen linken Ecke des OFDMA-
Rahmens platziert werden, und/oder
wobei vor dem Beginn der Zuweisung von Bursts in
den OFDMA-Rahmen ein virtuelles Packen für die
Berechnung eines heuristischen Werts für die An-
fangsgröße des DL-MAP durchgeführt wird.

12. Verfahren nach einem der Ansprüche 1 bis 11, wobei
der OFDMA-Rahmenfüllprozess beendet wird,
wenn nicht genug Platz vorhanden ist, um den DL-
MAP zu vergrößern, und/oder
wobei der OFDMA-Rahmenfüllprozess beendet
wird, wenn die Anzahl von Einheiten, die zum Zu-
weisen eines beliebigen verbleibenden Bursts erfor-
derlich ist, größer ist als die Größe des größten freien
Rechtecks.

13. Verfahren nach einem der Ansprüche 1 bis 12, wobei
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nach Beendigung des OFDMA-Rahmenfüllprozes-
ses ein Array von gepackten Bursts und ein Array
von ungepackten Bursts erzeugt werden.

14. Kommunikationssystem, insbesondere zur Durch-
führung eines Verfahrens nach einem der Ansprü-
che 1 bis 13, umfassend
einen Sender für eine OFDMA, Orthogonal Frequen-
cy Division Multiple Access, basierte Übertragung
von Datenpaketen zu einem Empfänger,
eine Datenpaket-Formungseinheit, die zu übertra-
genden Datenpaketen eine rechteckige Form hin-
sichtlich der zwei Dimensionen - Zeit und Frequenz
- des OFDMA-Rahmens gibt, und
einen Rahmenzusammenstellungs-Scheduler zum
sukzessiven Einpassen von Bursts, die entweder
nur ein einziges Datenpaket oder eine Anzahl von
verketteten Datenpaketen enthalten, in den OFD-
MA-Frame,
dadurch gekennzeichnet, dass der Rahmenzu-
sammenstellungs-Scheduler konfiguriert ist,
den Füllprozess des OFDMA-Rahmens basierend
auf einer geordneten Liste von Datenstrukturen
durchzuführen, die den aktuellen leeren Raum in-
nerhalb des OFDMA-Rahmens darstellen, und
eine rechteckige Formung der Bursts in Bezug auf
die durch die Slots und Subkanäle des OFDMA-Rah-
mens definierten zwei Dimensionen derart durchzu-
führen, dass die Größe des größten verbleibenden
freien Rechtecks in dem OFDMA-Rahmen maxi-
miert wird.

15. Kommunikationssystem nach Anspruch 14, wobei
der Rahmenzusammenstellungs-Scheduler konfi-
guriert ist, die Verkettung von Datenpaketen von un-
terschiedlichen Verbindungen in einzelne Bursts zu
ermöglichen.

Revendications

1. Procédé d’assemblage d’une trame dans un systè-
me de communication basé sur un accès multiple
par répartition en fréquence orthogonale, OFDMA,
dans lequel une forme rectangulaire, en termes des
deux dimensions - temps et fréquence - de la trame
OFDMA, est donnée à des paquets de données à
transmettre à partir d’une station de radiodiffusion à
un récepteur,
et dans lequel des rafales - soit comprenant seule-
ment un unique paquet de données, soit comprenant
une pluralité de paquets de données concaténés -
sont générées, dans lequel lesdites rafales sont suc-
cessivement intégrées dans la trame OFDMA au
moyen d’un planificateur d’assemblage de trame,
caractérisé en ce que le processus de remplissage
de la trame OFDMA est basé sur une liste ordonnée
de structures de données qui représentent l’espace

vide actuel à l’intérieur de la trame OFDMA,
dans lequel une mise en forme rectangulaire des
rafales en termes des deux dimensions définies par
les intervalles et les sous-canaux de ladite trame
OFDMA est effectuée de telle manière que la taille
du plus grand rectangle libre restant dans ladite tra-
me OFDMA soit maximisée.

2. Procédé selon la revendication 1, dans lequel les
paquets de données à transmettre, avant d’être al-
loués dans la trame OFDMA, sont divisés en paquets
de données urgents et en paquets de données non
urgents,
dans lequel les paquets de données urgents sont
alloués d’abord et dans lequel l’espace restant de la
trame OFDMA est utilisé pour allouer les paquets de
données non urgents.

3. Procédé selon la revendication 1 ou 2, dans lequel
une concaténation des paquets de données à partir
de connexions différentes est effectuée en fonction
de leur schéma de codage et modulation, et/ou
dans lequel une concaténation des paquets de don-
nées est effectuée séparément pour des paquets de
données urgents et des paquets de données non
urgents.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel un seuil est appliqué, spécifiant
une taille maximale admissible d’une rafale desdites
rafales.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel les rafales sont conditionnées dans
la trame OFDMA dans un ordre décroissant en fonc-
tion de leur taille, en commençant par la plus grande
rafale.

6. Procédé selon l’une quelconque des revendications
1 à 5, dans lequel l’espace libre restant de la trame
OFDMA après la mise en place d’une rafale desdites
rafales est défragmenté en un ensemble de rectan-
gles vides.

7. Procédé selon la revendication 6, dans lequel ladite
liste de structures de données qui représentent l’es-
pace vide actuel dans la trame OFDMA comprend
ledit ensemble de rectangles vides ordonnés en ter-
mes de taille croissante,
dans lequel la zone de conditionnement pour la ra-
fale suivante à placer dans la trame OFDMA est sé-
lectionnée à partir de ladite liste comme le plus petit
rectangle vide qui peut contenir ladite rafale.

8. Procédé selon la revendication 7, dans lequel les
rafales sont placées dans le coin supérieur droit de
la zone de conditionnement sélectionnée.
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9. Procédé selon l’une quelconque des revendications
6 à 8, dans lequel la décision de placer une rafale
verticalement ou horizontalement est prise de telle
manière que les rectangles vides défragmentés ré-
sultants comprennent un rectangle d’une taille aussi
grande que possible dans ladite trame OFDMA.

10. Procédé selon l’une quelconque des revendications
1 à 9, dans lequel la mise en forme rectangulaire
des rafales est effectuée de telle manière qu’un rem-
plissage soit maintenu au-dessous d’un seuil confi-
gurable.

11. Procédé selon l’une quelconque des revendications
1 à 10, dans lequel, avant le début de l’allocation de
rafales dans la trame OFDMA, l’en-tête de comman-
de de trame, FCH, le MAP de liaison montante, UL-
MAP, et le MAP de liaison descendante, DL-MAP,
sont placés dans le coin supérieur gauche de la tra-
me OFDMA, et/ou
dans lequel, avant le début de l’allocation de rafales
dans la trame OFDMA, un conditionnement virtuel
est effectué pour le calcul d’une valeur heuristique
pour la taille initiale du DL-MAP.

12. Procédé selon l’une quelconque des revendications
1 à 11, dans lequel le processus de remplissage de
trame OFDMA est terminé s’il n’existe pas suffisam-
ment d’espace pour augmenter le DL-MAP, et/ou
dans lequel le processus de remplissage de trame
OFDMA est terminé si le nombre d’unités nécessai-
res pour l’allocation de n’importe laquelle de rafales
restantes est plus grand que la taille du plus grand
rectangle libre.

13. Procédé selon l’une quelconque des revendications
1 à 12, dans lequel, après la conclusion du processus
de remplissage de trame OFDMA, un réseau de ra-
fales conditionnées et un réseau de rafales non con-
ditionnées sont générés.

14. Système de communication, en particulier pour ac-
complir un procédé selon l’une quelconque des re-
vendications 1 à 13, comprenant
une station de radiodiffusion pour une transmission
de paquets de données, basée sur un accès multiple
par répartition en fréquence orthogonale, OFDMA,
à un récepteur,
une entité de mise en forme de paquet de données
pour donner à des paquets de données à transmettre
une forme rectangulaire en termes des deux dimen-
sions - temps et fréquence - de la trame OFDMA, et
un planificateur d’assemblage de trame pour inté-
grer successivement des rafales - soit comprenant
seulement un unique paquet de données, soit com-
prenant une pluralité de paquets de données con-
caténés - dans la trame OFDMA,
caractérisé en ce que le planificateur d’assemblage

de trame est configuré
pour effectuer le processus de remplissage de la tra-
me OFDMA sur la base d’une liste ordonnée de
structures de données qui représentent l’espace vi-
de actuel à l’intérieur de la trame OFDMA, et
pour effectuer une mise en forme rectangulaire des
rafales en termes des deux dimensions définies par
les intervalles et les sous-canaux de ladite trame
OFDMA est effectuée de telle manière que la taille
du plus grand rectangle libre restant dans ladite tra-
me OFDMA soit maximisée.

15. Système de communication selon la revendication
14, dans lequel le planificateur d’assemblage de tra-
me est configuré pour permettre la concaténation de
paquets de données à partir de connexions différen-
tes dans des rafales individuelles.
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